The Council for Geoscience and the Hartebeesthoek Radio Astronomy Observatory (HartRAO) conducted an investigation to determine the suitability of a proposed site for a new space geodetic observatory. The proposed site is located 5 km outside Matjiesfontein in a small depression, which will shield it from radio frequency interference. The position of the site is suitable for space geodetic observations due to many cloudless days (essential for laser ranging), clear skies and low atmospheric water vapour content, which is very common in the Great Karoo. Provisionally called the International Institute for Space Geodesy and Earth Observation (IISGEO), the station is envisaged to operate advanced space geodetic techniques as part of a global network.
Introduction
The aim of the survey was to evaluate a site near Matjiesfontein in the Great Karoo for its suitability as the location of a new space geodetic observatory (dubbed IISGEO), that could be an outstation of HartRAO or even a new National Facility. This process involved the Geophysics Division of the Council for Geoscience and the Space Geodesy Programme of the Hartebeesthoek Radio Astronomy Observatory (HartRAO). The site was initially selected because it is situated in a small depression, thereby shielding it from radio frequency interference emitted by cell phones and microwave ovens. Suitability is enhanced because of the many cloudless days and clear skies, which allow an increase in Satellite Laser Ranger (SLR) and Lunar Laser Ranger (LLR) data collection efficiency. The land is currently in private hands and the owner has indicated that this piece of land can be utilised by IISGEO. Other sites, for instance Sutherland (at the South African Astronomical Observatory) and even a site in the high mountains of Lesotho were considered, but are not feasible due to logistical concerns and other parameters.
A site was selected 5 km south of Matjiesfontein and in proximity to the contact between the Karoo and Cape Supergroups. It is located on the 3320BA Matjiesfontein and 3320BC Fisantekraal sheets and lies on the 3320BC Fisantekraal 1:50 000 sheet (Figure 1 ). The 3320BC Fisantekraal 1:50 000 sheet geology map of the area shows the geology setting of Karoo tillites of the Dwyka Formation (Karoo Supergroup), and massive sandstones (Witpoort Formation) and shales (Kweekvlei Formation) of the Cape Supergroup. The dip of the strata is subvertical, rendering slip of structures on the bedrock planes under pressure nearly impossible.
General topography of the terrain comprises a typical flat to undulating Karoo landscape interrupted by small The investigation was geophysical and geotechnical in nature, and included a magnetic (Watkins, et.al, 1980) , electromagnetic and seismic refraction survey, with the chief purpose of detecting dykes and faults that may occur in the area. Rock samples were collected to measure physical properties such as the density and conductivity of the lithologies. A seismic refraction survey obtained the seismic velocity of the subsurface to provide an indication of the rock density, an important factor to aid structural design of the observatory.
The geotechnical investigation included digging of eight backacter test pits. Backacter refusal depths were determined (thickness of soil layer). One soil sample was analysed and tested to determine heave potential and collapsibility of the subsurface. Data gathered indicate that the geology of the site is acceptable for the proposed development. IISGEO will have a permanent differential GNSS (Global Navigation Satellite System) as part of a global network. Data from the GNSS will be used for crustal deformation studies, ionosphere electron content and atmosphere water vapour content as well as for earth tide studies. To track satellites and the Moon, a low power autonomous satellite laser ranger will be provided by NASA (SLR2000), and a high power dual Satellite and Lunar Laser Ranger (S/LLR) is to be developed in South Africa in collaboration with France and Germany. This dual-system can be used to track space debris, detection of which is essential to facilitate safe launches of orbital vehicles such as the space shuttles. This S/LLR will be the only one of its kind in the Southern Hemisphere, whilst two such systems presently exist in the Northern Hemisphere (i.e. at
McDonald Observatory, USA, and Observatory de la Cote d' Azur in France). Lunar distance measurements utilise retro-reflector mirrors installed on the Moon by Apollo 11 and 15. Radio telescope antennas will also be installed at the site for Very Long Baseline Interferometry (VLBI) studies to determine the rotation rate and orientation of the Earth's axis, calculate plate tectonic velocities, and help maintain our celestial reference frame. Permanent seismic and absolute gravity stations are planned to facilitate the monitoring of Earth-tide variations. The possibility exists that a 2 m aperture telescope and powerful laser will be collocated on site as part of a proposed space debris-tracking network, the prototype of which has been built and tested in Australia. 
Site investigation -Geophysical methods

Magnetic method results and discussion
The regional magnetic data of the 3320BC Fisantekraal show no major structures that are magnetically evident ( Figure 3 ). Although not visible on the site itself, dolerite dykes are present in the vicinity and are mostly nonmagnetic (see Table 1 ). Two profiles of about 200 m each were completed with a Geotron G5 magnetometer in the north to south and east to west directions. This was done to establish if there are any large magnetic structures crossing the area of interest. Eight profiles of 100 m each were run in a north to south direction. The station spacing was 5 m and the line spacing was also 5 m ( Figure 4 ). The regional background magnetic field of the Matjiesfontein area is 26 000 nT. The total variation of the magnetic field in the study area is ~70 nT. From the detailed magnetic image, no obvious magnetic structures or lineaments can be identified.
Electromagnetic method results and discussion
An electromagnetic survey is usually performed in areas to detect lineaments, faults or dyke structures that are non-magnetic. These structures can normally be SOUTH AFRICAN JOURNAL OF GEOLOGY Only one instrument orientation was employed in line with the profile. The dip of the strata is subvertical.
The Quadrature Phase component or Q-phase component, which is more sensitive to variations in the geology, does not show large variations in the conductivities of the area (McNeill, 1980; 1983a and Monier-Williams et.al., 1990) . The In-Phase component acts as a metal detector and is sensitive to the metal content of the rock (e.g. McNeil, 1983b; 1986) . Variations in these conductivities are small and indicate that the subsurface is electrically fairly homogeneous with no structures or lineaments present in the area. The resistivities and velocities of the surrounding geology are given in Table 2 .
Seismic refraction method results and discussion
A small seismic refraction survey was performed to obtain the velocity of the bedrock and overlying regolith. One small spread was completed using 12 geophones. The nominal receiver (geophone) spacing was 1 m for bedrock studies, and a spacing of 0.5 m to accurately determine the velocity of the very thin regolith. The first shot was a left off-shot, with the source hammer positioned 10 m from the first geophone. The spread was in the east-west direction; Figure 7 shows an example of the shot records obtained. The Plus-Minus method (e.g. Hagedoorn, 1959, Fourie and Odgers, 1995) was used to determine the depth to seismic reflectors beneath each receiver using forward and reverse travel times. Travel time curves of the spread in Firstpix (Stoyer, 1989) are shown in Figure 8 . The low two-way travel times (2WTT) indicate that the bedrock is very shallow. Figure 9 represents the interpretation of the spread. Two obvious layers were detected, and these correspond well with visual observations made in the test pits. These layers consist of a thin regolith of sand and pebbly hill wash (~0.5 m thick) underlain by an unconsolidated layer of sand about 1 m thick, followed in turn by solid bedrock. Samples of each were collected for laboratory studies. Seismic velocities measured in situ and in the laboratory are given in Tables 2 and 3 , respectively.
Site investigation -Geotechnical investigation Background
Similar to the geophysical investigation, the aim of the geotechnical investigation was to determine the suitability of the site for the placing of heavy space geodetic instruments. The telescope, which forms part of the S/LLR system, weighs 7 metric tons, while VLBI antennas will weigh significantly more. To ensure that the instruments are very stable, large and heavy foundations must be built. Specific attention was given, therefore, to possible ground instability and potential heave or settlement during this survey. Surrounding hills isolate and shield the instrumentation from light and microwave contamination.
The general position of the site relative to two drainage channels that intersect the site is shown in Figure 10 . In order to evaluate the impact of these drainage channels, rainfall data for the area needs to be obtained. Such data does not exist for Matjiesfontein. Instead, data closest to the site, at Beaufort-West, are taken as representative (Table 4 ). An automatic weather station will be installed during 2007/2008 to collect appropriate data required at the proposed station site.
Methodology
Site inspection commenced by the walking of several criss-cross traverses over the indicated site to determine positions of outcrop, drainage channels and other information of a geotechnical nature. Eight trail pits were excavated using a Massey-Ferguson Backacter. Positions of the trial pits were spaced equally over the site in order to obtain a uniform spacing. The trail pits were entered by an engineering geologist and profiled according to the MCCSSO system by Jennings et al. (1973) . One soil sample was taken for laboratory analysis of grading and Atterberg limits.
Test results
Eight soil (regolith) profiles were described according to the MCCSO system. Only TP1 provided enough material for a sample. All other trail pits either refused on weathered rock at shallow depth or the cover material was very rough material resembling scree. The general regolith profile of the area could be described as: • 0.2 m: Dry, light brown, loose, intact, boulders and gravel in a sandy matrix. Hill wash. • 0.5 m: Slightly moist, dark reddish-orange, dense, intact, boulders and gravel with limited sandy matrix. Hill wash.
• 0.6 m -1 m: Refusal on highly to moderately weathered thinly bedded shale or mudstone. Bedding planes sub-vertical.
• No water was encountered in any trail pit.
The bedrock materials encountered in the trail pits were highly to moderately weathered. Nearby drill holes constructed for the placing of electric pylons suggest general solid unweathered rock from 0.9 to 1.2 m down. Due to subvertical nature of the bedding planes and the relative solidity of the bedrock covered with only thin regolith, no significant vertical displacements of the bedrock is expected. The soil cover, however, can be easily removed to ensure that the weight of the structures to be built (> 7 tons) will be supported on bedrock On the southern side of the site a paleo-slope failure was noticed (Figure 11 ). It is difficult to determine the age of the failure from the limited data available but it is not recent. Excessive rain and disturbance of the toe of the failure could potentially result in re-activation of the feature.
A steep escarpment comprising subvertical Witteberg sandstone flanks the northern fringe of the site. Care should be taken with the placing of any structures on this ridge as there is some potential for slope failure, especially should the toe of the incline be disturbed or removed for access roads or similar. Figure 12 depicts a model of the proposed equipped site, indicating four geodetic VLBI telescopes, the S/LLR and automated SLR2000 systems as well as workshop and staff facilities.
Atmospheric and astronomical seing investigation
Apart from the future installation of VLBI antennas (4 proposed, 12 m diameter), which require a relatively low radio frequency interference level, the site needs to be suitable for satellite and lunar laser ranging (S/LLR), a ranging technique whereby a short laser pulse is transmitted to an orbiting satellite or the Moon. The time that it takes the light pulse to return to the station is used to calculate the distance to the target. LLR especially requires very good astronomical 'seeing' conditions, which in broad terms is equated to the 'clarity' of the sky and how suitable it is for astronomical observations, in our case satellite or lunar observations using laser reflections from corner cube reflectors, for example attached to a satellite or placed on the Moon. At the current location of the NASA Moblas-6 SLR system (at HartRAO, Hartebeesthoek), the astronomical 'seeing' is poor, partly because dense opacity can cause absorption and scattering of laser light due to the proximity of HartRAO to the large and sky-polluting cities nearby (e.g. Johannesburg, Pretoria and Krugersdorp). Laser light emitted by the S/LLR system propagates through the atmosphere towards the satellite or Moon being tracked and undergoes refraction of varying degrees (because the atmosphere is not isotropic or uniform) leading to amplitude and phase fluctuations of the laser beam. This causes a dispersion SOUTH AFRICAN JOURNAL OF GEOLOGY of the laser beam, in effect widening it so that less of the laser beam impinges on the target. The laser light then has to travel back to the observer after being reflected by a corner cubical reflector and once again traverses the atmosphere during which it undergoes additional amplitude and phase variations. When this return signal is focused at the S/LLR telescope, the resulting image varies in intensity (scintillation), position (image motion) and crispness (blurred image). The adverse effect of inferior 'seeing' conditions is especially critical for LLR as the returned laser signal is extremely weak (~ 3 to 4 photons per minute). The received signal is also dependent on many system specifications, e.g. telescope aperture, quality of laser beam, detector efficiency, rate and power of laser pulse transmission. In order to get a rough estimate of the 'seeing' conditions at the new proposed site, a small astronomical refractor (10.8cm aperture) was used on several nights to identify features on the Moon with known angular separation, ranging from 1 to 5 arcseconds. These preliminary tests indicated good 'seeing' conditions ranging between 1 and 2 arcseconds. More detailed tests will be conducted in 2007/2008 to statistically quantify various 'seeing' parameters. This will include the installation of a GPS system that can be used to determine integrated water vapour of the atmosphere. A weather station also will be installed during 2007 that will include an automated astronomical 'seeing' measuring device based on a small telescope and CCD technology. Additional measurements with a water vapour radiometer will also be made. In any event, the combination of low rainfall (<250mm) and cloudless days indicate that available observation time at the new site will be greatly superior to the present HartRAO site, at Hartebeeshoek, and the seeing conditions are far better near Matjiesfontein (Table 4) .
Conclusions and recommendations
Preliminary results of the investigation indicate the suitability of the site for the installation of the geodesy equipment and the development of a space geodesy observatory at the proposed location. A preliminary investigation concerning the suitability of the sky for S/LLR was also completed. Recommendations are:
• That a detailed site inspection down to solid bedrock be done for each of the foundations of buildings to be erected.
• Foundations should be founded in solid rock.
• Care should be taken not to disturb the slope failure on the southern side of the site.
• Care should be taken not to excavate into the toe of the ridge on the northern side of the site.
• The potential for very large rocks rolling down the mountain is not excluded and as such it might be required to move some of the larger more unstable rocks prior to construction on the site. • More detailed astronomical seeing and water vapour tests should be made.
• Radio frequency interference background levels should be measured.
• The nature and spatial distribution of local air turbulence should be investigated to ascertain the most suitable location for the S/LLR.
